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Limestones are sedimentary rocks more commonly associated with building stones or sculptures 
than with millstones. Nevertheless, many examples of limestone saddle querns, rotary querns and 
millstones are spread across France, at times making up the bulk of the archaeological assemblages in 
various areas characterized by bedrocks rich of sedimentary stones. These limestone millstones are of 
different types, sources and geological origins: Eocene sandy or fossiliferous limestones, mainly from 
the various limestones layers from the Lutetian beds, Quaternary calcareous tufas, and fine Jurassic 
limestones. To explain the behaviour of these rocks, this study advances a classification of the rocks 
used for millstones, focused not only on the rock-type but mainly on the topological aspect of the 
stone surface. (empirical macroscopic surface roughness) This renders it possible to classify the rocks 
into categories by materials, rather than according to petrographic facies. The pure limestones in this 
study are essentially vacuolar, whereas sandy limestones or certain biodetritital limestones belong to 
either the granular rocks category, which also includes sandstones, or to the category of heterogeneous 
rocks. These limestones appear for the most part to have been used due to their availability. Moreover, 
they epitomise a very satisfactory compromise between their grinding properties and their ease of 
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carving, even if the hardness of these limestones is lower than those of other rocks used as grindstone 
(basalts or sandstones). 
 




Limestones are common construction geomaterials that served either in the form of rough 
stones or dimension stones (Degryse et al. 2003; Fronteau et al. 2010, Viscusi-Simonin & 
Jaccottey 2013). Limestone also serves for sculpture and ornamental stone (Dalmau 2015; 
Harrell & Storemyr 2009; Martínez-Torres 2009) and is the main raw material of lime 
production (Dix 1982; Karkanas 2007). Its use as a tool, although regularly recorded, is less 
frequent (Donnart 2015; Hamon et al. 2009; Larocca 2016; Milleville 2007; Peacock 1987; 
Spivak & Nadel 2016). 
Like many other sedimentary rocks, notably sandstones (Hamon 2006; Hamon & 
Fronteau 2018; Reniere et al. 2016), limestones are endowed with a variety of lithological, 
petrographical and petrophysical characteristics even, at times, in the same geological 
formation, deposit or quarry (Picavet et al. 2018). These rocks can therefore serve to carry out 
certain functions or, in contrast, reveal characteristics that render them incompatible with an 
efficient use for a given function. Indeed, certain facies can either be very porous and not 
resistant like e.g., chalk or, on the contrary, microporous but frost-resistant, macroporous or 
massive (Fronteau et al. 1999). Limestones, serving as paving or as decorative elements, are 
thus sometimes used like marbles, rocks with which they share certain technical 
characteristics without possessing identical textural properties (Brilli et al. 2011; Ferrini et al. 
2012). 
 
1.1. Definitions of limestone types 
The different common denominations of chalk, limestone, and marble correspond more 
to terminologies and technical classifications than to geological classifications. Chalks are 
very fine grained and white to grey-green limestones or marly limestones. Many marbles are 
compact limestones and not true geological marbles. 
The term limestone, however, has a precise, albeit broad geological definition: it is 
defined as a carbonate sedimentary rock containing at least 50% of calcite (CaCO3) (Tucker 
& Wright 1990). Yet, this definition does not take into account textural criteria or conditions 
of how it was formed. Limestones can be of marine or continental origin and petrographically 
very different: granular or rich in matrix, fine or coarse, porous or massive, friable or very 
compact (Flügel 2010; Reedy 2008). 
From a strictly mineralogical point of view, there are large varieties of sedimentary rocks 
such as detrital rocks (siliciclastic or bioclastic), clay-carbonate rocks and dolomitic rocks 
(Figure 1). Limestones represent an end member of the vast array of sedimentary rocks. Yet a 
limestone can be partially sandy, clayey or dolomitic. Each of these series has one or more 
classifications which are defined by their ranges of composition qualified by percentages of 
minerals or chemical elements. 
The mineralogical proportions of sedimentary rocks can at times vary considerably 
within the same quarry. It is not uncommon for a sequence in a quarry to vary from a sand to 
a sandy limestone and then to a real limestone in the space of a few meters. This sometimes 
puzzles certain archaeologists who doubt whether to classify their tools as sandy limestone or 
sandstone with a calcareous matrix and must rely on reference documents to classify the 
panoply of facies contained in their assemblages (Anderson et al. 2003; Fronteau et al. 2017) 
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Different classifications have been developed to overcome the lack of precision of the 
term "limestone" with respect to the capacities of its use. The objective of these classifications 
was to characterise limestones from a petrographic point of view and, in particular, to take 
into account its potential as a reservoir rock. The two most widely used classifications to 
characterise limestones are the work of Folk (1959) and Dunham (1962). They are quoted in 
most geological publications and serve as references in the international standards for the 
characterisation of natural stones (European standard 2007). Folk's classification, based 
essentially on petrographic criteria obtained by optical microscopy, defines limestones 
according to the nature of their elements (ooids, bioclasts, oncolites, pelletoids) and their 
binder (sparite, micrite). Dunham's classification, in turn, focuses more on the texture of the 
material (grain-supported, matrix-supported) and the proportion of elements (mudstone, 
wackestone, packstone, grainstone). Dunham's classification was completed by Embry & 
Klovan (1971), who added biogenic textural classes (bindstone, boundstone, framestone), and 
revised by Wright (1992), who especially added some terms for diagenetically highly 
modified limestones (cementstone, condensed grainstone, fitted grainstone). 
 
 
Figure 1. Classification of sedimentary rocks including limestones as an end member of the sedimentary series. 
 
The two classifications serve for pure limestones and refer to rocks from marine contexts 
(Scholle & Ulme-Scholle 2003). Yet, they are poorly applicable to characterise sandy 
limestones or continental limestone rocks (calcrete, lacustrine limestones). Furthermore, they 
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do not really consider the notions of porosity (as detailed by Choquette & Pray 1970), 
cohesion or resistance. Hence, the Folk and Duham classifications (often used together), are 
currently supplemented by petrophysical analyses or by additional older or younger 
terminologies, as e.g., calcilutite, calcarenite, calcirudite (Grabau 1904), referring to 
limestones sorted by granulometry. 
Although physicochemical and petrophysical analyses are important to compare the 
different materials, they do not lead to a simple classification of the materials (Delgado-Raack 
et al. 2009). Differences in terms of the type of limestone materials are noted, particularly in 
the field of building stones (Noël 2012): strong, half-strong, soft, firm, half-firm. 19th-century 
specialists devised a system of classification by dividing the limestones into groups according 
to technical characteristics, their potential use and their durability (Michelot 1863). But these 
criteria were not precise and certain terms differed according to type of use, region and trade 
names. This default led to the gradual abandonment of these classifications in favour of other 
more quantitative and reproducible criteria. The classifications of the 19th century still 
maintained the advantage of a concrete connection between the type of limestone and its 
technical characteristics of resistance, shaping or durability. They also had the merit of 
recognising and identifying several types of limestone within the same geological formation, 
or in the same quarry. For example, among the Lutetian limestones in the area of Paris, the 
terms "vergelés" (very soft limestone shell mould), "liais" (a fine, massive and very hard 
limestone without shells) or "banc francs" (easily carved shell-rich limestones) reflected 
material properties and initially were not simply commercial names (Benoît et al. 2000). 
 
1.2. Definitions of types of materials serving for millstones and their application to 
limestones 
Recent research in France and Belgium within the framework of the "Groupe Meule" has 
sought to define millstone material types according to the pragmatic classification of Fronteau 
& Boyer (2011). These types serve as a supplement to the rock's normal standard 
nomenclature (European standard 2003; 2008) and its petrographic (European standard 2007), 
petrophysical and geochemical characterisations. This enables a comparison of the behaviour 
of millstones made of different lithological groups (volcanic, sedimentary, metamorphic) or 
offers guidance in the characterization of differences between categories of millstones within 
the same lithology or facies (Hamon 2006). Thus, this definition corresponds to the recent 
classification of millstone quarries by Anderson (2016), which rather focusses on the type of 
site and the means of extraction, independently of the rock type. 
In the classification advanced in the paper (Figure 2), which is usable not only for 
limestones but for all rock types, certain categories are strongly related to one rock family 
while others can be found among all rock types. 
Category A corresponds to granular materials where the grains - here in the sense of a 
mineral or rock grain (lithoclast) that is more or less worn and rounded - are almost all of the 
same mineralogy, with quartz in the case of sandstones and calcite in the case of calcarenites. 
These rocks are rather coarse (0.5 mm grains and larger), with a roughness linked to the 
texture between the grains and not to differences in mineral hardness (Schoumacker 1993). 
The classification differentiates category A1, comprising materials with a low level of 
cohesion between grains, which is common in the case of loosely cemented sandstone, and 
category A2 with a well-cemented facies, showing a strong granular cohesion (Hamon & 
Fronteau 2018). 
Category B corresponds to heterogeneous materials containing only a few coarse hard-
minerals embedded in a cement or matrix. The roughness depends on the frequency of the 
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abrasive inclusions. Sandstones cemented with calcite, sandy limestones and rhyolites fall 
into this category. 
Category C corresponds to materials with crystalline rugosity where the rock is entirely 
composed of hard minerals, or of an alternation of crystals of different hardness, as in the case 
of granites. Their roughness is often quite low and related to differences in hardness or in 
orientation between the minerals. 
 
 
Figure 2. Classification of millstone rocks according to Fronteau & Boyer 2011 (modified). A1: granular 
materials with low cohesion, A2: granular materials with high cohesion, B: heterogeneous material with few 
abrasive grains in a “soft” matrix, C: crystalline materials (grained), D: vacuolar materials, E: massive materials, 
E2: massive materials with fracture network, F: foliated or heavily laminated materials, B+F: example of a 
material with composite properties (foliated and heterogenous). 
 
Category D groups all highly vacuolar materials such as varieties of basalts, siliceous 
rocks and limestones. The term “vacuolar” describes large macropores which can create a 
network of depressions on the active surface of the tool. 
Category E materials can also belong to all rock families. These are clearly massive and 
generally result in poor grinding tools because of their lack of roughness. They are, by 
contrast, well adapted to other functions or can serve for grinding after being dressed with 
pecks or furrows (Lepareux-Couturier 2014). If the material has a network of fractures or 
natural micro-fissures, its massiveness can be modified so that it offers a potentially effective 
“bite” (category E2). 
Finally, category F corresponds to schists, mica schists and very finely laminated 
sedimentary rocks. The heterogeneities between the laminations or foliations provide the 
coarseness for the abrasion. 
Mixed behaviours can be observed in certain cases, as e.g., garnet porphyroblast mica 
schists (Prøsch-Danielsen & Heldal 2014) which bear properties of both categories B and F. 
 
2. Limestone millstones from France 
2.1. Sandy limestone querns 
Limestones serving to manufacture millstones vary both in the petrographic and the 
technical sense. These limestones or partially carbonated rocks can be differentiated into two 
groups: true or “pure” limestones and “impure” limestones. Sandy limestones or calcareous 
sandstones are well-known examples for millstone raw materials (Anderson et al. 2003; 
Robert & Landreat 2005). Their use is easy to interpret because they correspond to rock types 
that resemble sandstones and make up the majority of the millstone rocks in sedimentary 
substrata. The abrasiveness of sandy limestones is ensured by the grains of quartz or other 
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hard minerals bound more or less effectively in a calcareous matrix. In certain bioclastic 
limestone querns of the assemblages of the Burgundian Middle Neolithic (first half of the 4th 
millennium BCE) at Montmorot (Jura) and Bourguignon-les-Morey (Haute-Saône), shell 
fragments play the same role. This is also the case with well-crystallised limestones with 
angular grains of calcite within a finer interstitial material (Milleville & Jaccottey 2015). 
These materials correspond to category B of the classification. Moreover, certain very sandy 
facies, at the limit of being calcareous sandstones, can also be interpreted as type A2. 
Furthermore, since limestone elements can be partially dissolved, these materials often 
include a vesicularity that will probably not be found in analogous sandstones. In the reality 
of natural deposits, these limestone and siliciclastic mixed rocks are often present in form of a 
wide range of facies in the same sedimentary deposit, or even the same quarry. One example 
can be observed in the Lutetian layers of the Paris Basin (Figure 3a) where the facies varies 
vertically from a weakly cemented calcareous glauconitic sand to a less sandy and more 
massive limestone. This sedimentary formation was exploited for the production of Neolithic 
and Protohistoric saddle querns (Monchablon, in press), as well as for rotary querns 
(Audebert & Le Quellec 2014; Jodry et al. 2017; Picavet et al. 2011; Pommepuy 1999; 
Robert & Landreat 2005), corresponding to changes in the sedimentological context: the 
limestone banks proceed from categories A1 to A2 (Figure 3a), then to B, before become E 
type (or E + D), which then served mainly as a building stone (Devos et al. 2010; Fronteau et 
al. 2010). The calcareous upper layers, where the quartz grains make up less than 10% of the 
rock, again provided material suitable for millstones: an annelid-rich facies (Ditrupa 
strangulata limestone; Figure 3b) and a coarse shelly limestone (Figure 4). 
 
2.2. Pure limestone querns 
The other limestones widely serving for the manufacture of millstones in the centre of the 
Paris Basin are from the Upper Lutetian (Eocene) formations, notably cerithids limestones 
and Lymnaea limestones (Buchsenschutz et al. 2017; Fronteau et al. 2017; Pommepuy 1999). 
These limestones are almost completely devoid of quartz grains but rich in microfossils 
(miliolids) and imprints of dissolved gastropod shells (cerithids) (Figure 5). They are 
vacuolar, sometimes with a massive tendency (D, D + E or E + D). In eastern France, shell-
like limestone querns, also vacuolar, are present in the Burgundian Middle Neolithic layers at 
the settlement of Clairvaux VII or at the Montmorot enclosure in the Jura (Milleville & 
Jaccottey 2015). 
In addition to these Eocene marine limestones, the north of France includes examples of 
Holocene (Quaternary) vacuolar lacustrine limestone querns, where the components are 
bound by a matrix of microcrystalline calcite (micrite) or by secondary cements of macro-
crystalline calcite (sparite) (Figure 6). These pure limestones do not contain any hard-mineral 
elements and their abrasiveness is solely linked to the presence of vacuoles, or to the 
difference in crystallinity between the micrite and sparite elements which do not share the 
same mechanical behaviour, although composed of the same mineral (calcite). 
The last example of a pure limestone millstone is a rotary quern brought to light in south-
eastern France at Jacob-Bellecombette (Savoie) (Figure 7). This calpionellid limestone, 
typical of Upper Jurassic-Lower Cretaceous layers, is totally devoid of quartz grains and has 
very fine facies, practically devoid of macro-pores or inclusions (Figure 7b), with the 
exception of a few microfossils (Calpionella alpina): it is a micrite to biomicrite according to 
Folk, and mudstone to wackestone in the sense of Dunham. This massive category E rock 
initially appears totally unsuitable for millstones. But as it can be seen in Figure 7a, its 
outcrops are significantly affected by fracturing and micro-cracking which leads to a certain 
roughness of the material. Therefore, the roughness is not related to the micro-facies or 
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texture of the rock, but to its cracked structure. This leads to its classification as a subtype of 
the category E (E2 fractured massive material). 
 
 
Figure 3. Rotary millstones in limestones from the center of the Paris Basin (France). 3a: macrophotography of a 
sandy limestone with glauconitic grins and few Nummulites laevigatus, 3b: macrophotography of a pure 
limestone with numerous Ditrupa strangulata, 3c and 3d: microphotography of a sandy limestone with 
Nummulites laevigatus, 3e and 3f: microphotography of a limestone with Ditrupa strangulata. 
(microphotography under planed polarised light). 
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Figure 4. Example of a very slightly sandy vacuolar limestone saddle quern with a grinding surface tending to 
become massive. Early Iron Age (Hallstatt), Reims area, France. 
 
 
Figure 5. Example of a cerithids limestone rotary quern (diameter: 47 cm; thickness: 7.9 cm) catillus with an 
oval shaped eye (max. 13 cm) recovered in a pit (F.8014, sector H) among about 30 other quern fragments 
corresponding to at least five different individuals. The pit, dating from the Late Iron Age (La Tène finale 2b), 
was excavated in 2009 at Barenton-Bugny, Hauts-de-France, France. 5a and 5b: macrophotography, 5c and 5d: 
microphotography under planed polarised light. 
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Figure 6. Lacustrine calcareous tufa rotary querns. These are the earliest rotary querns in the Nord-Pas-de-Calais 
in France. 6a: macrophotography, 6b: microphotography under planed polarised light. 
 
 
Figure 7. Modern millstone roughout of fine fractured limestone unearthed at the Jacob Bellecombette quarry 
(Savoie, France) (photo: Simon Painsonneau, Arkemine). 
 
3. Discussion 
Using sandy limestones to manufacture saddle or rotary querns is easy to understand 
because these stones can bear strong resemblances in their material properties to sandstones. 
Sandy limestones are therefore either materials with granular elements of type A2 or 
heterogeneous materials with occasional hard inclusions (type B). Yet, as noted above, 
millstones hewn of pure limestone (devoid of quartz grains) also form part of certain 
assemblages. The abrasiveness, crucial to milling with these limestones, is achieved 
essentially by their vacuoles, which are often the result of the dissolution of fossils (type D). 
Other limestones tend to behave as massive materials due to their lack of quartz grains (types 
E + B) or due to a lesser number of vacuoles (types E + D). The millstones of Jacob-
Bellecombette (Savoie), for example, led to defining type E2 for massive materials as their 
abrasiveness is linked to micro-fissures that result in undulations and irregularities over the 
millstone's active surface. Finally, there is the case of Holocene lacustrine limestones 
composed of soft microcrystalline calcite and more resistant macro-crystalline calcite 
cementations: these limestone materials, comprising both micrite elements and sparite 
crystals, act like a granular crystalline material (type C). Yet vacuolar grinding surfaces are 
clearly predominant (type D) among all the calcareous tufas examined in this study. 
To explain the use of limestone for millstones, the first step is to examine if the choice of 
pure, vacuolar or massive limestone was intentional or if it was opportunistic. For example, 
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the material may have been used merely due to its presence at the same outcrop of sandy 
limestones (or sandstone) or of pure limestone. 
This question is indeed relevant in the case of the Lower Lutetian limestones (see Figure 
3) which directly sit on top of calcareous sandstones. The detailed study of the Lutetian 
limestone quern assemblages around Reims, and the exhaustive characterisation of the rotary 
querns of the La Tène settlement of Acy-Romance (Buchsenschutz et al. 2017), indicate that 
Upper Lutetian shelly vacuolar limestones were deliberately extracted. Rotary querns made 
from this material in this assemblage (Figure 8) are clearly more numerous (number = 54) 
than those carved from both the Middle Lutetian (number = 4) and Lower Lutetian (number = 
4) facies. This is corroborated by the series of querns from sites in the Aisne and Oise Valleys 
or the workshop area of the site of Griffon spanning the Late La Tène period until the 1st 
century CE (Audebert & Le Quellec 2014). In the local geological series, the Lower Lutetian 
with Nummulites and the Upper Lutetian cerithids or Lymnaea limestones are separated by 
around 15 metres in height. Furthermore, according to the geomorphological conditions in 
this area of the Paris Basin, it seems unlikely that these two facies can be found in the same 
quarry or outcrop. Thus, on the one hand, there probably existed quarries in which 
specifically pure limestone with gastropods imprints (Upper Lutetian) were exploited, and on 
the other hand quarries in which the lower sequences (nummulitic limestones from Lower 
Lutetian) were extracted. 
Were limestone querns distributed exclusively locally? Limestone querns are at times 
considered simply as the result of opportunistic productions, a rather pejorative notion 
equivalent to an idea of non-choice. To appraise this view, the current study examined the 
spatial distribution of Lutetian limestone querns, a type that is easy to identify due to its 
macro and micro fossils (Fronteau et al. 2010; Robert & Landreat 2005). The maps in Figure 
9 depict both the distribution of Lutetian limestone rotary querns in the north of France and 
the extension of the sources of this limestone throughout the north of the Paris Basin. This 
rock, type 3 category of the Boyer & Fronteau (2011) classification, occurs over a large area. 
Due to relatively homogeneous characteristics of the sedimentary layer, a precise 
provenancing is difficult. The main Late Iron Age sites (Figure 9a), including Acy-Romance 
that comprises the largest assemblage of rotary querns, are located in the Champagne Plain, 
about 35-40 km from the nearest outcrop. Other occurrences of these rotary querns are also 
observed in the plains of northern France, at a maximum distance of 100 km from the nearest 
outcrop. This distance increases to 130 km, considering the sources of the Aisne Valley where 
two Gallic or Gallo-Roman quarries are identified (Vauxrezis: Robert & Landreat 2005; 
Vendresse-Beaulne: Naze et al. 2011). The distribution of Lutetian limestone rotary querns in 
Roman times differs from that of the Late Iron Age (Figure 9b), but here again, the sites with 
the largest number of Lutetian limestone rotary querns are beyond the outcrop area of this 
rock. The average distances are comparable to those of the previous period, with several sites 
in the plains of northern France and Normandy that are located at about 100 km from the first 
Lutetian limestone outcrops and more than 150 km from those in the Aisne Valley. 
The use of limestone to produce millstones is therefore not only linked to its availability 
or opportunism. Certain limestone millstones were exported far beyond the immediate 
surroundings of their natural outcrops, and distribution maps of different chronological 
periods reveal networks supplying these millstones to milling sites at long distances from 
their source. 
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Figure 8. Columnar section of the Lutetian limestones layers from the area of Reims and, to the right, the 
respective quantities of rotary querns from the Late Iron Age (La Tène) settlement of Acy-Romance, Ardennes, 
France (Buchsenschutz et al. 2017). 
 
 
Figure 9. Lutetian limestone rotary querns from the north of France. Distribution of rotary querns beyond the 
extension of the limestone outcrops. 
 
Moreover, the extent of the selection of this rock type varies significantly over a greater 
period of time in the same geographical area. In certain periods this raw material recurs on a 
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large spatial scale, as testified for example by the use of limestone saddle querns (Pommepuy 
1999), while limestone is totally absent at other periods. The example presented here (Figure 
10, from Jaccottey & Milleville 2017), corresponds to all the millstones studied in the regions 
between the Morvan and the Vosges in eastern France (Minimum Number of Individuals = 
2148), spanning the beginning of the Middle Neolithic (around 4700 BCE) to the outset of the 
Late Iron Age (La Tene; around 400 BCE). In contrast to previous periods, limestone querns 
were exclusively used during the Middle Neolithic II (Burgundian Middle Neolithic) at the 
lake dwelling settlements of Clairvaux (Milleville 2007) and at certain fortified enclosures 
(e.g., Lavans-les-Doles, Montmorot and Bourguignon-les-Morey; Jaccottey 2011). 
 
 
Figure 10. Lithological characterization of saddle querns in Bourgogne-Franche-Comté (France), from Neolithic 
to Early Iron Age (from Jaccottey & Milleville 2017). 
 
The use of several types of limestone (recrystallised limestone with angular grains, fine 
or chalky limestones containing shells) is recorded at certain sites from the Burgundian 
Middle Neolithic, in the heart of limestone districts. These sites are also characterised by the 
use of limestone as temper in pottery production. Moreover, limestone millstones are 
occasionally identified during the Late Neolithic at the settlements of Chalain and Clairvaux. 
In this period, the increase in the proportion of limestone quern finds can be linked to a rise in 
population and points to the exploitation of a secondary or backup local raw material that 
appears to have been quickly rejected again, as the limestone quern finds at these sites are 
always whole or in large fragments (Milleville 2007: 168). Only in the Late Bronze Age this 
type of rock is used once again for saddle querns, in the form of limestone breccias and local 
shell-rich limestones. These limestone querns correspond to cultural markers reflecting 
particular strategies of supply. A similar alternation between limestone and sandstone for 
grinding tools is also observed in the sites of the Aisne Valley (Pommepuy 1999; Hamon 
2006). Furthermore, a social interpretation is advanced for the sites of the Michelsberg 
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Culture in this geographical area, highlighting the role of women in the Neolithic economy 
(Monchablon, in press). Yet it must be emphasised that the choice of limestones during the 
Middle Neolithic II is not uniform according to the different cultural groups under study. This 
rock was chosen for querns in the majority of Michelsberg sites of the Aisne and the 
Bourguignon Middle Neolithic of the Franche-Comté (Milleville & Jaccottey 2015) but is 




According to the various examples shown in this article, the selection and the specific 
use of limestone to produce querns are demonstrated not only in the case of sandy limestones, 
but also for pure limestones. This is evidence for a deliberate raw material choice and not for 
mere opportunism. So, it is necessary to try to identify the reasons behind the choices. Yet 
this type of analysis is only possible in case studies within the framework of specific periods 
and areas. Nevertheless, as a conclusion, we provide certain guidelines to interpret the 
potential assemblages made up entirely or partly of limestone querns. In the diagram 
presented in Figure 11, as an example, we summarize the advantages and disadvantages of 
two kinds of materials frequently observed in the north of France, according to various 
parameters. Limestone features are defined according to the various examples described in 
this article, while volcanic rocks’ features are defined according to bibliography (mainly 
Delgado-Raack et al. 2009 and Gluhak & Hofmeister 2009; 2011). 
 
 
Figure 11. Diagram indicating the advantages (+: very few advantages, ++: clear advantages, and +++: strong 
clear advantages) and clear disadvantages (-) of limestone millstones compared to volcanic rocks among the 
Reims quern assemblage (France). 
 
• Availability: Limestones are common in most sedimentary basins. They generally form 
readily accessible outcrops or deposits, exposed by erosion on the flanks of valleys or 
plateaus and are quite easy to extract. In these geological contexts, a wide diffusion of 
the products of these sites seems self-evident due to the large number of outcrops 
yielding a large available volume of stone. Their abundance and extent of their surface 
14 G. Fronteau et al. 
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facilitates their diffusion regardless of the types of distribution circuits. Limestones are 
therefore rocks with good accessibility and great potential of supply: 
Limestone = Availability from ++ to +++ 
 
• Usability: Limestones often crop out in the form of benches characterised by jointing, 
bedding and fractures that facilitate their extraction in the form regular stone blocks. 
Moreover, they are rocks that are relatively easy to cut and shape, at least when 
compared to crystalline rocks. Although this criterion requires a confirmation by case 
studies and experimentation due to the heterogeneous nature of limestones, they 
generally offer an easy extraction and fashioning: 
Limestone = Usability from ++ to +++ 
 
• Durability: Limestones are softer than most other millstone materials and at times 
completely devoid of hard minerals (following the Mohs hardness scale with calcite at 3 
as opposed to quartz at 7): 
Limestone = Durability from - - to – 
 
• Efficiency: Although this aspect of millstone research requires experimentation and 
quantitative data, which is not within the scope of the current study, the abundance and 
widespread diffusion of limestone querns and millstones supports the hypothesis that 
they obviously were considered efficient. This assumption leads to the following notion: 
Millstone = Efficiency from + to +++ 
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